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ABSTRACT 


Base  flow  and  stormflow  water  samples  were  collected  from  Paxton  Creek  near  Penbrook 
and  five  smaller  subbasins  with  different  land  uses  in  order  to  determine  the  nitrogen, 
phosphorus,  suspended  sediment,  copper,  lead,  and  zinc  yields  from  each  of  the  subbasins.  Data 
were  collected  during  calendar  years  1992  and  1993.  The  nitrogen,  phosphorus,  and  suspended- 
sediment  yields  from  Paxton  Creek  near  Penbrook  for  1992  and  1993  were  compared  with  the 
1985-88  yields  to  determine  if  any  changes  in  yields  occurred  between  1985  and  1993. 
Comparison  of  the  average  annual  yields  indicate  that  there  was  a decrease  in  dissolved  Kjeldahl 
nitrogen,  dissolved  nitrite  plus  nitrate  nitrogen,  and  suspended-sediment  yields  in  1992.  Total 
ammonia  nitrogen,  dissolved  orthophosphate,  and  dissolved  phosphorus  yields  were  the  same  in 
1992  as  the  1985-88  long-term  mean  loads  reported  by  Ott  and  others  (1991).  Total  nitrogen 
yields  increased  about  20  percent  in  1992  due  to  an  increase  in  particulate  Kjeldahl  nitrogen  and 
total  phosphorus  yield  increased  about  45  percent.  The  yields  of  nutrients,  suspended  sediment 
and  the  selected  metals  also  were  compared  to  determine  which  of  the  land  uses  were 
contributing  the  highest  and  lowest  yields.  Significant  differences  in  yields  for  many  of  the 
constituents  were  seen  among  the  subbasins. 

Long-term  total  nitrogen,  total  phosphorus  and  suspended-sediment  yields  from  Ott  and 
others  (1991),  for  Young  Womans  Creek  and  Stony  Creek,  the  two  forested  basins,  Paxton 
Creek,  Susquehanna  River  at  Harrisburg,  and  Susquehanna  River  at  Conowingo,  Md.,  were 
compared.  The  average  yield  of  total  nitrogen  from  the  Paxton  Creek  Basin  was  twice  the  yields 
from  the  forested  basins,  ten  percent  greater  than  the  Susquehanna  River  at  Harrisburg  and 
almost  the  same  as  the  Susquehanna  River  at  Conowingo.  Total  phosphorus  yields  from  Paxton 
Creek  Basin  were  about  five  times  the  forested  basins,  twice  the  yield  from  the  Susquehanna 
River  at  Harrisburg  and  2.5  times  the  yield  from  the  Susquehanna  River  at  Conowingo.  Average 
yields  of  suspended  sediment  were  1 5 times  the  forested  basins,  7 times  the  Susquehanna  River 
at  Harrisburg,  and  20  times  the  Susquehanna  River  at  Conowingo. 
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INTRODUCTION 


The  nutrient  reduction  target  set  for  the  Susquehanna  River  at  Conowingo,  Marviand.  by 
the  Chesapeake  Bay  Agreement  of  1987  requires  reductions  from  all  controllable  sources,  not 
just  from  agricultural  nutrient  management  programs.  Much  of  the  nutrient  load  discharged  from 
urban  and  suburban  areas  may  be  controllable.  Urban  and  suburban  sources  of  nutrients  include 
fertilizers  applied  to  residential  and  commercial  lawns  and  to  golf  courses,  atmospheric 
deposition,  and  nutrients  from  sewage  treatment  plants  and  septic  systems.  The  1978 
Pennsylvania  Storm  Water  Management  Act,  Act  167,  requires  counties  to  develop  watershed 
plans  containing  recommendations  for  municipal  standards  and  criteria  to  control  stormwater 
runoff.  Reductions  in  nutrients  and  suspended  sediment  may  be  instituted  through  watershed  and 
municipal  stormwater  management  plans.  One  such  plan  has  been  developed  for  the  Paxton 
Creek  Watershed  (Dauphin  County  Conservation  District,  1991). 

Data  collected  by  the  Susquehanna  River  Basin  Commission  (SRBC)  and  the  U.S. 
Geological  Survey  (USGS)  from  1985  through  1988  indicate  that  average  annual  nitrogen  and 
phosphorus  yields  from  the  Paxton  Creek  Basin  are  about  twice  the  yields  observed  from  forested 
basins  and  that  suspended-sediment  yields  are  over  ten  times  the  yields  observed  from  forested 
basins.  Yields  of  copper,  lead,  and  zinc  from  the  Paxton  Creek  Basin  were  not  determined 
during  this  period.  Data  collected,  in  the  present  project,  from  smaller  subbasins  with  different 
land  uses  will  be  useful  to  identify  water  quality  issues  that  may  be  incorporated  in  the  Paxton 
Creek  stormwater  management  plan.  The  data  also  will  provide  additional  information  about 
suburban  nonpoint  source  contamination  of  water  resources  in  the  Susquehanna  River  Basin. 


PURPOSE  OF  THE  STUDY 

This  study  was  conducted  to  determine  yields  of  nitrogen,  phosphoms,  suspended 
sediment,  copper,  lead,  and  zinc  from  the  Paxton  Creek  Basin  during  1992  and  1993.  Yields 
were  computed  for  Paxton  Creek  near  Penbrook  and  for  five  smaller  subbasins  that  had  different 
land  uses.  The  objectives  of  this  report  are  to;  (1)  compare  the  average  annual  yields  of  nutrients 
and  suspended  sediment  from  the  Paxton  Creek  Basin  during  the  period  1985-88  with  the  yields 
in  1992  and  1993,  and  (2)  compare  the  yields  of  nutrients,  suspended  sediment,  and  selected 
metals  from  the  subbasins  to  determine  the  effects  of  land  use  on  the  yields  of  these  constituents. 


DESCRIPTION  OF  THE  SUBBASINS 

Figure  1 shows  the  general  locations  of  the  sampling  sites.  One  site  located  on  Paxton 
Creek  and  sites  on  five  tributary  subbasins  were  sampled  to  provide  data  for  this  study. 

Paxton  Creek  near  Penbrook  drains  an  area  in  Dauphin  County,  Pennsylvania,  that 
includes  an  11.2-square-mile  suburban  basin  upstream  of  the  gage  (01571000)  at  Progress 
Avenue  that  has  been  undergoing  development  for  the  past  several  years.  About  58  percent  of 


FIGURE  1.  Map  Showing  Location  of  Sampling  Sites 


the  basin  is  urban  and  suburban,  19  percent  is  woodland,  15  percent  is  idle  farm  land,  2 percent  is 
cultivated,  3 percent  is  in  golf  courses,  and  3 percent  is  streams  and  flood  plains.  Most  of  the 
sewage  generated  in  the  basin  is  pumped  to  a treatment  plant  outside  the  basin. 

The  five  subbasins  sampled  are  all  located  upstream  from  the  Paxton  Creek  stream- 
gaging  station  at  Progress  Avenue.  Each  of  these  subbasins  have  different  land  uses. 

a.  Site  1,  Paxton  Creek  tributary  near  Linglestown  (01570980),  represents  a relatively 
undeveloped  area.  The  drainage  area  at  this  site  is  0.92  square  mile. 

b.  Site  2,  Paxton  Creek  near  Linglestown  (01570984),  drains  a new  single-family 
housing  development.  The  drainage  area  is  1.23  square  miles. 

c.  Site  3,  Stormwater  Management  Pond  1 near  Linglestown  (01570988),  collects  runoff 
from  a 0.03 1 -square-mile  housing  development  under  construction.  Samples  were 
collected  at  the  pond  outfall. 

d.  Site  4,  Stormwater  Management  Pond  2 near  Paxtonia  (01570992),  collects  runoff 
from  the  parking  lot  of  a new  shopping  center.  Samples  were  collected  at  the  pond 
outfall.  The  drainage  area  is  0.025  square  mile. 

e.  Site  5,  Paxton  Creek  trihutaty  near  Paxtonia  (01570996).  Much  of  this  1.00-square- 
mile  drainage  area  has  been  developed  for  many  years  and  includes  the  borough  of 
Paxtonia. 


SAMPLE  COLLECTION  AND  ANALYSIS 

Streamflow  samples  were  collected  manually  from  each  of  the  sites  during  the  period 
January  4,  1992,  to  December  21,  1993.  Samples  were  collected  in  accordance  with  procedures 
prescribed  in  Quality  Assurance/Quality  Control  Plan  for  Assessment  of  Nutrient  Sources  from 
Main  Stem  and  Selected  Watersheds  in  the  Susquehanna  River  Basin.  Twenty-four  samples  were 
collected  from  most  of  the  sites  during  non-storm  periods  (one  sample  each  month)  and 
50  samples  were  collected  from  each  of  the  sites  during  storms  (five  samples  during  each  of 
10  storms).  Extra  storm  samples  were  collected  from  Paxton  Creek  near  Penbrook  utilizing  an 
automatic  sampler.  These  samples  were  analyzed  for  nutrients  and  suspended  sediment;  none 
were  analyzed  for  metals  or  for  oil  and  grease. 

Temperature,  pH,  specific  conductance,  and  water  discharge  were  determined  at  the  time 
of  sample  collection.  Both  whole  and  filtered  water  samples  were  collected  and  analyzed  for 
ammonia,  Kjeldahl  nitrogen,  nitrite  plus  nitrate,  phosphorus,  total  organic  carbon,  oil  and  grease, 
copper,  lead,  zinc,  and  suspended  sediment.  Filtered  water  samples  also  were  analyzed  for 
orthophosphorus.  Concentrations  of  nutrients,  metals,  and  oil  and  grease  were  determined  by  the 
Pennsylvania  Department  of  Environmental  Resources  Laboratory  in  Harrisburg.  Suspended- 
sediment  concentrations  were  determined  by  the  SRBC  and  the  USGS  sediment  laboratories. 
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RESULTS 


Summaries  listing  the  maximum,  minimum  and  mean  concentrations  found  in  the 
samples  from  the  five  subbasins  and  from  Paxton  Creek  are  shown  in  Tables  1 through  6.  The 
results  of  the  analysis  of  all  samples  collected  from  the  five  subbasins  and  from  Paxton  Creek  are 
given  in  Tables  A1  through  A6  in  the  Appendix.  Some  of  the  mean  concentrations  were 
calculated  using  a log-probability  regression  to  estimate  concentrations  of  constituents  that  were 
reported  by  the  laboratory  as  less  than  the  reporting  limit. 

Concentrations  of  Nutrients 

Nitrogen  concentrations 

Mean  concentrations  of  total  nitrogen  ranged  from  1.0  mg/1  in  the  samples  collected  from 
the  undeveloped  area  to  1.94  mg/1  in  the  samples  collected  from  Paxton  Creek  near  Penbrook 
(Figure  2).  Concentrations  of  total  nitrogen  averaged  1.50  mg/1  in  samples  collected  from 
Paxton  Creek  tributary  near  Paxtonia,  as  compared  to  an  average  of  1.30  mg/1  in  samples  from 
the  new  single-family  housing  development.  Total  nitrogen  concentrations  in  samples  collected 
from  stormwater  management  pond  2 at  the  new  shopping  center  averaged  1.18  mg/1,  while  those 
in  samples  from  stormwater  management  pond  1 at  the  housing  development  under  construction, 
averaged  1.47  mg/1. 


FIGURE  2.  Comparison  of  Mean  Total  Nitrogen  (TN)  Concentrations 
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The  mean  concentrations  of  parameters  reported  by  the  laboratory  with  less  than  values  were  computed  using  a log-probability  regression 
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The  mean  cnncentraliDns  of  parameters  reported  by  tlie  lalioralory  willi  less  llian  values  were  eompiited  using  a log-probability  regression 
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The  mean  concentrations  of  parameters  reported  by  the  laboratory  with  less  than  values  were  computed  using  a log-probability  regression 
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The  mean  coneeiitrations  of  parameters  reported  by  tlie  laboratory  witli  less  than  values  were  computed  using  a log-probability  regression 
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The  mean  concentrations  of  parameters  reported  by  the  laboratory  with  less  than  values  were  computed  using  a log-probability  regression 


Total  phosphorus  concentrations 


Mean  concentrations  of  total  phosphorus  ranged  from  0.055  mg/1  in  samples  collected 
from  stormwater  management  pond  2 at  the  new  shopping  center  to  0.239  mg/1  in  samples 
collected  from  Paxton  Creek  near  Penbrook  (Figure  3).  Total  phosphorus  concentrations  in 
samples  collected  at  the  undeveloped  area  averaged  0.069  mg/1,  as  compared  to  average 
concentrations  of  0.092  mg/1  and  0.121  mg/1  in  samples  collected  from  the  new  single-family 
housing  development,  and  Paxton  Creek  tributary  near  Paxtonia,  respectively.  Concentrations  in 
samples  collected  at  stormwater  management  pond  1 at  the  housing  development  under 
construction,  averaged  0.23 1 mg/1. 


FIGURE  3.  Comparison  of  Mean  Total  Phosphorus  (TP)  Concentrations 


Suspended-sediment  concentrations 

Mean  concentrations  of  suspended  sediment  ranged  from  30  mg/1  in  samples  collected  at 
the  stormwater  management  pond  2 at  the  new  shopping  center  to  473  mg/1  in  the  samples 
collected  from  Paxton  Creek  near  Penbrook  as  illustrated  in  Figure  4.  Samples  collected  at  the 
undeveloped  area,  had  a mean  suspended-sediment  concentration  of  52  mg/1  and  samples 
collected  at  the  new  single-family  housing  development  had  a mean  sediment  concentration  of 
74  mg/1.  Samples  collected  at  the  stormwater  management  pond  1 at  the  housing  development 
under  construction  had  a mean  suspended-sediment  concentration  of  144  mg/1,  and  those 
collected  from  the  Paxton  Creek  tributary  near  Paxtonia  had  a mean  concentration  of  92  mg/1. 


FIGURE  4.  Comparison  of  Mean  Suspended  Sediment  (SS)  Concentrations 


Maximum  suspended-sediment  concentrations  (Figure  5)  in  the  stream  draining  the 
undeveloped  area  and  in  the  stream  draining  the  new  single-family  housing  development  were 
649  mg/1  and  934  mg/1,  respectively.  Maximum  concentrations  were  smallest  in  samples 
collected  below  the  stormwater  management  pond  1 at  the  housing  development  under 
construction  and  below  the  stormwater  management  pond  2 at  the  new  shopping  center,  48 1 mg/1 
and  235  mg/1,  respectively.  The  largest  maximum  suspended-sediment  concentrations  were 
measured  in  samples  collected  from  the  Paxton  Creek  tributary  near  Paxtonia  and  in  samples 
collected  from  Paxton  Creek  near  Penbrook,  1,270  mg/1  and  3,270  mg/1,  respectively. 
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FIGURE  5.  Comparison  of  Maximum  Suspended  Sediment  (SS)  Concentrations 


Oil  and  grease  concentrations 

Laboratory  results  indicated  that  most  of  the  samples  collected  for  oil  and  grease  analysis 
had  concentrations  below  the  minimum  reporting  limit  of  0.50  mg/1.  Only  3 of  78  samples 
collected  from  the  undeveloped  area,  had  concentrations  of  0.50  mg/1  or  higher.  Reportable 
concentrations  were  detected  in  9 of  76  samples  collected  from  the  new  single-family  housing 
development',  in  11  of  61  samples  collected  below  the  stormwater  management  pond  1 at  the 
housing  development  under  construction  and  in  13  of  59  samples  collected  from  the  stormwater 
management  pond  2 at  the  new  shopping  center.  Samples  collected  from  the  Paxton  Creek 
tributary'  near  Paxtonia  had  oil  and  grease  concentrations  of  0.5  mg/1  or  higher  in  15  of 
76  samples  and  only  14  of  73  samples  from  Paxton  Creek  near  Penbrook  had  concentrations 
higher  than  the  reporting  limit  of  0.5  mg/1. 

Concentrations  of  Metals 

Copper  concentrations 

Mean  concentrations  of  total  copper  shown  in  Figure  6 ranged  from  2.1  pg/1  in  samples 
collected  below  the  stormwater  management  pond  2 at  the  new  shopping  center  to  5.7  pg/1  in 
samples  collected  below  the  stormwater  management  pond  1 at  the  housing  development  under 
construction.  Concentrations  in  samples  collected  from  the  stream  draining  the  undeveloped 
area  averaged  3.6  pg/1  and  concentrations  in  samples  collected  from  the  stream  draining  the  new 
single-family  housing  development  averaged  2.8  pg/l.  Total  copper  concentrations  in  samples 
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from  the  Paxton  Creek  tributary’  near  Paxtonia  and  Paxton  Creek  near  Penbrook  were  3.87  |ig/l 
and  3.97  )ag/l,  respectively.  Dissolved  copper  concentrations  were  generally  about  a third  of  the 
total  concentrations.  The  minimum  copper  concentration  that  could  be  detected  by  the  laboratory 
was  0.80  pg/1  and  the  minimum  reporting  value  was  4.0  pg/l.  Copper  concentrations  listed  in 
Tables  1 through  6 that  are  smaller  than  4.0  pg/l  should  be  considered  less  precise  than  those 
concentrations  that  are  reported  as  being  over  4.0  pg/l 


FIGURE  6.  Comparison  of  Mean  Total  Copper  (Cu)  Concentrations 


Lead  concentrations 

Mean  concentrations  of  total  lead  (Figure  7)  were  smallest  in  samples  collected  from  the 
stream  draining  the  new  single-family  housing  development  and  the  stormwater  management 
pond  2 at  the  new  shopping  center,  1.5  pg/l  and  1.7  pg/1,  respectively.  Mean  concentrations  of 
total  lead  in  samples  collected  from  the  stream  draining  the  undeveloped  area,  the  stormwater 
management  pond  1 at  the  housing  development  under  construction,  the  Paxton  Creek  tributary 
near  Paxtonia,  and  in  Paxton  Creek  near  Penbrook  were  2.4  pg/l,  4.79  pg/l,  6.3  pg/1  and  6.2  pg/l, 
respectively.  Concentrations  of  dissolved  lead  were  about  a tenth  of  the  concentration  of  total 
lead.  Mean  dissolved  lead  concentrations  were  highest  in  samples  collected  from  the  stream 
draining  the  stormwater  management  pond  1 at  the  housing  development  under  construction 
(0.61  pg/l)  and  in  the  samples  collected  from  Paxton  Creek  near  Penbrook  (0.35  pg/1).  The 
minimum  concentration  of  lead  that  could  be  detected  by  the  laboratory  was  0.20  pg/l  and  the 
minimum  reporting  value  was  1.5  pg/1. 
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FIGURE  7.  Comparison  of  Mean  Total  Lead  (Pb)  Concentrations 


Zinc 

Mean  concentrations  of  total  zinc  varied  widely  among  the  basinsas  illustrated  in 
Figure  8.  The  largest  concentrations  of  total  zinc  were  detected  in  samples  collected  at 
stormwater  management  pond  2 at  the  new  shopping  center  and  the  smallest  concentrations  were 
detected  in  samples  collected  below  the  undeveloped  area.  The  mean  concentration  of  total  zinc 
ranged  from  254  pg/l  in  the  discharge  from  the  stormwater  management  pond  2 at  the  new 
shopping  center  to  8.30  pg/1  in  samples  collected  from  the  stream  draining  the  undeveloped  area. 
The  mean  concentration  of  total  zinc  in  samples  collected  from  the  stormwater  management 
pond  1 at  the  housing  development  under  construction  was  79.2  pg/1.  Mean  concentrations  of 
total  zinc  in  samples  collected  from  the  new  single-family  housing  development,  from  the  Paxton 
Creek  tributary  near  Paxtonia,  and  from  Paxton  Creek  near  Penbrook  were  30.1  pg/1,  36.2  pg/1, 
and  31.5  pg/1,  respectively.  The  minimum  concentration  of  total  zinc  that  could  be  detected  by 
the  laboratory  was  1 .0  pg/l  and  the  minimum  reporting  level  was  5.0  pg/1. 


FIGURE  8.  Comparison  of  Mean  Total  Zinc  (Zn)  Concentrations 


Calculation  of  Loads  and  Yields 

Loads  of  nutrients,  suspended  sediment,  copper,  lead,  and  zinc  transported  by  Paxton 
Creek  near  Penbrook  during  1992  and  1993  were  calculated  using  the  same  7-parameter  log- 
linear  model  (Cohn  and  others,  1989)  that  was  used  to  compute  loads  of  nutrients  and  suspended 
sediment  transported  during  1985  through  1988  (Ott  and  others,  1991).  The  1985-88  loads  from 
the  Paxton  Creek  Basin  were  computed  using  water  quality  data  collected  from  1985  through 
1988  and  the  daily  mean  water  discharges  measured  during  the  same  4-year  period.  The  loads 
for  1992  and  1993  were  computed  using  water  quality  data  collected  during  1992  and  1993  and 
the  daily  mean  water  discharges  measured  during  the  same  2-year  period. 

Loads  transported  from  the  five  subbasins  upstream  of  Paxton  Creek  near  Penbrook  were 
computed  using  water  quality  data  collected  from  the  stream  draining  each  of  the  five  subbasins 
and  estimated  values  of  daily  mean  water  discharge.  Daily  mean  water  discharges  were  not 
recorded  from  the  subbasins  because  of  the  cost  of  installing  and  operating  continuous  recording 
gages.  However,  an  instantaneous  water  discharge  was  determined  each  time  a water  quality 
sample  was  collected.  These  instantaneous  values  were  compared  to  the  corresponding 
instantaneous  values  recorded  by  the  gage  on  Paxton  Creek  near  Penbrook.  The  relationship 
between  instantaneous  water  discharge  from  the  subbasins  and  instantaneous  water  discharge  at 
the  gage  was,  generally,  directly  proportional  to  the  ratio  of  drainage  areas  between  the  sites. 
Consequently,  daily  mean  discharges  from  the  subbasins  were  estimated  by  multiplying  the  daily 
mean  values  at  the  gage  by  the  ratio  of  drainage  areas  for  each  of  the  sites.  Yields  from  the 
Paxton  Creek  Basin  upstream  of  Progress  Avenue  and  the  yields  from  the  subbasins  were 
computed  by  dividing  the  loads  by  the  respective  drainage  area.  Since  yields  can  be  more  easily 
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compared,  they  are  presented  in  this  report.  Loads  from  a given  area  can  be  computed  by 
multiplying  the  yield  by  the  drainage  area. 

Long-Term  Yields  of  Nutrients  and  Suspended  Sediment 


Long-term  total  nitrogen  (TN),  total  phosphorus  (TP),  and  suspended-sediment  (SS) 
yields  from  Ott  and  others  (1991)  are  listed  in  Table  7 and  shown  in  Figures  9 and  10  for  Young 
Womans  Creek  (YWC)  and  Stony  Creek  (SC),  the  two  forested  basins,  Paxton  Creek  (PC),  the 
Susquehanna  River  at  Harrisburg  (SRH),  Pa.,  and  for  the  Susquehanna  River  at  Conowingo 
(SRC),  Md. 


TABLE  7.  Average  Annual  Yields  of  Nitrogen,  Phosphorus,  and  Suspended  Sediment  for 
Selected  Sites  in  the  Susquehanna  River  Basin,  Based  on  Data  Collected 
at  Various  Times  From  1985  Through  1989 


Basin 

Nitrogen, 

Total 

Phosphorus, 

Total 

Suspended 

Sediment 

pounds  per  acre  per  year 

Young  Womans  Creek 

3.16 

0.06 

188 

Stony  Creek 

3.96 

0.23 

109 

Paxton  Creek 

8.12 

0.71 

2,270 

Susquehanna  River  above  Harrisburg 

7.38 

0.42 

311 

Susquehanna  River  above  Conowingo 

8.47 

0.30 

102 

FIGURE  9.  Average  Annual  Yields  of  Total  Nitrogen  and  Total  Phosphorus  for  Selected 

Sites  in  the  Susquehanna  River  Basin,  1985-88 


From  Table  7 and  Figure  9,  the  average  yields  of  nitrogen  from  the  Paxton  Creek  (PC)  Basin, 
based  on  1985-88  data,  were  about  twice  the  yields  from  the  forested  basins  (YWC  and  SC), 
about  10  percent  greater  than  the  yields  from  the  Susquehanna  River  above  Harrisburg  (SRH), 
Pa.,  and  almost  the  same  as  the  yields  from  the  Susquehanna  River  above  Conowingo  (SRC), 
Md.  Average  yields  of  total  phosphorus  from  the  Paxton  Creek  Basin  were  about  five  times  the 
yields  from  the  forested  basins,  about  twice  the  yields  from  the  Susquehanna  River  Basin  above 
Harrisburg  and  about  2.5  times  the  yield  at  Conowingo. 
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pounds  per  acre  per  year 


S! 

YWC 

□ 

SC 

□ 

PC 

a 

SFiH 

□ 

SRC 

FIGURE  10.  Average  Annual  Yields  of  Suspended  Sediment  for  Selected  Sites  in  the 

Susquehanna  River  Basin,  1985-88 


Average  yields  of  suspended  sediment  from  Paxton  Creek  (Figure  10)  were  about  15 
times  the  yields  from  the  forested  areas,  about  seven  times  the  yields  from  the  Susquehanna 
River  Basin  upstream  from  Harrisburg  and  about  20  times  the  yield  from  Conowingo. 

Trends  in  Yields  from  the  Paxton  Creek  Basin 

Yields  of  nutrients,  suspended  sediment,  copper,  lead,  and  zinc  from  the  Paxton  Creek 
near  Penbrook  are  listed  on  Table  8 for  each  of  the  years  from  1985-88  and  for  the  years 
1992-93.  The  table  also  lists  the  mean  annual  water  discharge  for  each  of  the  years  in  cubic  feet 
per  second  per  square  mile,  as  well  as  the  long-term  mean  water  discharge  and  the  long-term 
(1985-88  based)  mean  nutrient  and  suspended-sediment  yields  (Ott  and  others,  1991). 

The  yields  listed  in  Table  8 for  1992  can  be  assumed  to  be  fairly  representative  of  long- 
term mean  annual  yields  (1985-88  based)  because  the  yearly  water  discharge  at  Paxton  Creek 
near  Penbrook  for  1992  was  equal  to  the  long-term  mean.  Figures  1 1 provides  comparisons  of 
the  long-term  and  1992  mean  water  discharges  and  yields  of  some  of  the  nutrients  listed  in 
Table  8.  A comparison  of  the  suspended  sediment  yields  is  shown  in  Figure  12. 
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TABLE  8.  Yields  of  Nitrogen,  Phosphorus,  and  Suspended  Sediment  From  Paxton  Creek 
Near  Penbrook,  Pa.  (01571000),  1985-88  and  1992-93 


j 

Nitrogen, 

Total 

4.62 

8.42 

8.75 

h- 

7.75 

8.12 

91.78 

12.20  1 

Nitrogen, 

NO^+NO^, 

Dissolved 

1.95 

3.86 

4.21 

4.37 

4.15 

3.99 

5.54 

Nitrogen, 

Kjeldahl 

Total 

U 

2.67 

4.36 

4.54 

3.38 

o 

o 

5.79 

999 

Nitrogen, 

Kjeldahl 

Dissolved 

u 

a. 

01 

u 

u 

09 

im 

Ol 

Cu 

V) 

a 

s 

e 

o. 

1.01 

2.33 

2.03 

1.15 

1.79 

1.45 

2.55 

Nitrogen, 

Ammonia, 

Total 

0.162 

0.285 

0.368 

0.215 

0.283 

0.236 

0.337 

Nitrogen, 

Ammonia, 

Dissolved 

0.179 

0.244 

Suspended 
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Q in  cubic  feet  per  second  per  square  mile 

TNH,  DKN,  DN02,3,  DO'P,  and  DP  in  pounds  per  acre  per  year 


FIGURE  11.  Comparison  of  Discharge  and  Total  Ammonia  (TNH),  Dissolved  Kjeldahl  Nitrogen 
(DKN),  Dissolved  Nitrite  Plus  Nitrate  (DN02,3),  Dissolved  Orthophosphate  (DO'P) 
and  Dissolved  Phosphorus  (DP)  Yields  From  the  Paxton  Creek  Basin, 

1985-88  and  1992-93 
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FIGURE  12.  Comparison  of  Suspended  Sediment  Yield  From  Paxton  Creek  Near  Penbrook, 

1985-88  and  1992-93 


Dissolved  Kjeldahl  nitrogen  (DKN),  total  ammonia  (TNH),  dissolved  nitrite  plus  nitrate  nitrogen 
(DN02,3),  and  suspended-sediment  (SS)  yields  show  a decrease  in  1992.  Yields  of  dissolved 
orthophosphorus  (DOT)  and  dissolved  phosphorus  (DP)  from  the  Paxton  Creek  Basin  were 
about  the  same  in  1992  as  the  1985-88  based  long-term  mean  loads  reported  by  Ott  and  others, 
1991 


Figure  13  illustrates  an  increase  in  the  yield  of  total  nitrogen  and  total  phosphorus. 


Q in  cubic  feet  per  second  per  square  mile 
TN,  TP,  and  PKN  in  pounds  per  acre  per  year 


FIGURE  13.  Comparison  of  Discharge  and  Total  Nitrogen  (TN),  Total  Phosphorus  (TP),  and 
Particulate  Kjeldahl  Nitrogen  (PKN)  Yields  From  Paxton  Creek  Near  Penbrook, 

1985-88  and  1992-93 


The  increase  in  the  yield  of  total  nitrogen,  about  20  percent,  was  due  to  an  increase  in  the  yield  of 
particulate  Kjeldahl  nitrogen.  The  increase  in  particulate  Kjeldahl  nitrogen  yield  was  from  a 
1985-88  based  long-term  mean  yield  of  about  2.2  Ib/ac/yr  to  a yield  of  about  4.3  Ib/ac/yr  in  1992. 
The  1985-88  based  long-term  yield  of  phosphorus  was  0.71  Ib/ac/yr,  and  the  yield  in  1992  was 
1.04  Ib/ac/yr,  an  increase  of  about  45  percent. 
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Yields  From  the  Subbasins 

Yields  of  nutrients,  suspended  sediment,  copper,  lead,  and  zinc  from  the  five  subbasins 
upstream  of  Paxton  Creek  near  Penbrook  are  listed  on  Tables  9 through  13  for  1992  and  1993. 
Among  the  subbasins,  significant  differences  in  yields  were  seen  for  many  of  the  constituents. 

Comparisons  of  nutrient  yields  from  the  subbasins 

Figure  14  shows  the  average  discharge  (Q)  and  yields  of  nitrite  plus  nitrate  nitrogen 
(N02,3),  total  nitrogen  (TN),  and  total  phosphorus  (TP)  from  the  Paxton  Creek  near  Penbrook 
and  the  five  tributary  subbasins  for  the  period  1992-1993. 
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□ Site  3 
B Site  4 
EH  Site  5 


Q in  cubic  feet  per  second  per  square  mile 
N02,3,  TN,  and  TP  in  pounds  per  acre  per  year 


FIGURE  14.  Comparison  of  Average  Discharge  and  Dissolved  Nitrite  Plus  Nitrate  Nitrogen 
(DN02,3),  Total  Nitrogen  (TN),  and  Total  Phosphorus  (TP)  Yields 
From  Paxton  Creek  and  Five  Tributary  Subbasins,  1992-93 


TABLE  9.  Yields  of  Nitrogen,  Phosphorus,  and  Suspended  Sediment  From  Site  1,  Paxton  Creek  Tributary 

Near  Linglestown,  Pa.  (01570980),  1992-93 
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TABLE  10.  Yields  of  Nitrogen,  Phosphorus,  and  Suspended  Sediment  From  Site  2,  Paxton  Creek  Tributaiy 

Near  Linglestown,  Pa.  (01570984),  1992-93 
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TABLE  11.  Yields  of  Nitrogen,  Phosphorus,  and  Suspended  Sediment  From  Site  3,  Stormwater  Management  Pond  No.  1 

Near  Linglestown,  Pa.  (01570988),  1992-93 
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TABLE  12.  Yields  of  Nitrogen,  Phosphorus,  and  Suspended  Sediment  From  Site  4,  Stonnwater  Management  Pond  No.  2 

Near  Paxtonia,  Pa.  (01570992),  1992-93 
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TABLE  13.  Yields  of  Nitrogen,  Phosphonis,  and  Suspended  Sediment  From  Site  5,  Paxton  Creek  Tributary 

Near  Paxtonia,  Pa.  (01570996),  1992-93 
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Nitrite  plus  nitrate  yields  from  the  1 1.2-square-mile  basin  above  Penbrook  averaged  4.77  Ib/ac/yr 
(lb  per  acre  per  year)  for  the  two-year  period.  The  smallest  average  yields  for  the  two-year  period 
were  2.46  Ib/ac/yr  from  stormwater  management  pond  1 at  the  housing  development  under 
construction,  followed  by  3.40  Ib/ac/yr  from  the  undeveloped  area,  and  3.57  Ib/ac/yr  from  the 
stormwater  management  pond  2 at  the  new  shopping  center.  The  average  yield  from  the  new 
single-family  housing  development  was  4.68  Ib/ac/yr,  and  the  average  yield  from  the  Paxton 
Creek  tributary  near  Paxtonia  was  5.14  Ib/ac/yr. 

Total  nitrogen  yields  followed  the  same  pattern  as  nitrite  plus  nitrate,  except  that  a larger 
yield  was  measured  from  the  entire  11.2-square-mile  basin  (11.0  Ib/ac/yr)  than  from  any  of  the 
five  subbasins  that  were  sampled.  Yields  from  the  subbasins  ranged  from  5.70  Ib/ac/yr  from  the 
stormwater  management  pond  2 at  the  new  shopping  center  to  10.0  Ib/ac/yr  from  both  the  new 
single-family  housing  development  and  the  Paxton  Creek  tributary  near  Paxtonia. 

The  yield  of  total  phosphorus  from  the  entire  1 1 .2-square-mile  basin  averaged 
1.28  Ib/ac/yr  for  the  two-year  period.  Yields  from  the  subbasins  ranged  from  a low  of 
0.34  Ib/ac/yr  from  stormwater  management  2 at  the  new  shopping  center  to  1.66  Ib/ac/yr  from  the 
Paxton  Creek  tributary  near  Paxtonia  and  1.30  Ib/ac/yr  from  the  new  single-family  housing 
development. 

Comparison  of  suspended-sediment  yields  from  the  subbasin 

Suspended-sediment  yields  from  the  11.2-square-mile  area  averaged  2,100  Ib/ac/yr. 
Yields  from  the  subbasins  ranged  from  a low  of  170  Ib/ac/yr  from  stormwater  management  pond 
2 at  the  new  shopping  center  to  a high  of  4,400  Ib/ac/yr  from  the  Paxton  Creek  tributary  near 
Paxtonia.  Yields  from  the  stormwater  management  pond  1 at  the  housing  development  under 
construction  were  lower  (1,200  Ib/ac/yr)  than  yields  from  the  undeveloped  area  (1,700-lb/ac/yr) 
and  yields  from  the  new  single-family  housing  development  (1,800  Ib/ac/yr).  Figure  15  shows  a 
comparison  of  suspended-sediment  (SS)  yields  from  each  of  the  monitoring  sites. 
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FIGURE  15.  Coraaprison  of  Suspended  Sediment  Yields  From  Paxton  Creek 
and  Five  Tributary  Subbasins,  1992-93 


Comparison  of  metals  yields  from  the  subbasins 
Copper 

Dissolved  copper  (DCU)  yields  (Figure  16)  from  the  total  11.2-square-mile  basin,  the 
new  single-family  housing  development,  and  the  Paxton  Creek  tribiitaty  near  Paxtonia  were 
about  the  same.  Yields  from  all  three  of  these  areas  averaged  about  0.010  Ib/ac/yr.  Dissolved 
copper  yields  from  the  other  three  areas  (the  undeveloped  area,  the  stormwater  management 
pond  1 at  the  housing  development  under  construction,  and  the  stormwater  management  pond  2 
at  the  new  shopping  center)  averaged  about  0.006  Ib/ac/yr.  Total  copper  yields  averaged  about 
0.03  Ib/ac/yr  from  the  undeveloped  area  and  the  stormwater  management  pond  1 at  the  housing 
development  under  construction.  The  yield  from  the  new  single-family  housing  development  was 
slightly  lower,  0.024  Ib/ac/yr,  and  the  yield  from  the  stormwater  management  pond  2 at  the  new 
shopping  center  was  much  lower,  0.012  Ib/ac/yr. 
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FIGURE  16.  Comparison  of  Average  Yields  of  Dissolved  Copper  (DCU)  and 
Total  Copper  (TCU)  From  Paxton  Creek 
and  Five  Tributary  Subbasins,  1992-93 


Lead 

The  dissolved  lead  (DPb)  yield  (0.003  Ib/ac/yr)  from  the  entire  11.2-square-mile  basin 
was  higher  than  from  any  of  the  subbasins  sampled  (Figure  17).  Dissolved  lead  yields  from  the 
subbasins  ranged  from  0.001  to  0.002  Ib/ac/yr.  Yields  of  total  lead  (TPb)  from  the  entire 
1 1 .2-square-mile  basin  averaged  0.056  Ib/ac/yr.  The  highest  yields  of  total  lead  were  from  the 
Paxton  Creek  trihutarv  near  Paxtonia  and  from  the  new  single -family  housing  development, 
0.17  and  0.069  Ib/ac/yr,  respectively. 
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FIGURE  17.  Comparison  of  Average  Yields  of  Dissolved  Lead  (DPb)  and  Total  Lead  (TPb) 
From  Paxton  Creek  and  Five  Tributary  Subbasins,  1992-93 


Zinc 

The  yields  of  dissolved  zinc  (DZn)  and  total  zinc  (TZn)  are  shown  in  Figure  18. 
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FIGURE  18.  Comparison  of  Average  Yields  of  Dissolved  Zinc  (DZn)  and  Total  Zinc  (TZn) 
From  Paxton  Creek  and  Five  Tributary  Subbasins,  1992-93 


The  highest  yields  of  both  dissolved  and  total  zinc  were  from  the  stormwater  management 
pond  2 at  the  new  shopping  center  and  may  reflect  the  extensive  use  of  galvanized  corrugated 
metal  pipe.  Dissolved  zinc  yields  from  the  entire  1 1 .2-square-mile  basin  averaged  0.023  Ib/ac/yr. 
Dissolved  zinc  yields  from  the  stormwater  management  pond  2 at  the  new  shopping  center 
averaged  0.9 1 Ib/ac/yr.  The  second  highest  yield  was  from  the  stormwater  management  pond  1 
at  the  housing  development  under  construction,  0.09  Ib/ac/yr.  Total  zinc  yields  from  the  entire 
basin  averaged  0.24  Ib/ac/yr.  Yields  of  total  zinc  from  the  stormwater  management  pond  2 at  the 
new  shopping  center  averaged  1.29  Ib/ac/yr.  Yields  from  the  new  single-family  housing 
development,  the  stormwater  management  pond  1 at  the  housing  development  under 
construction,  and  the  Paxton  Creek  tributary  near  Paxtonia  averaged  from  0.3  to  0.4  Ib/ac/yr. 
Lowest  yields  of  total  zinc  were  from  the  undeveloped  area,  0.14  Ib/ac/yr. 

Oil  and  grease 

Yields  of  oil  and  grease  were  not  calculated  because  of  the  large  number  of  samples  that 
contained  concentrations  that  were  below  the  reporting  and/or  detection  limits. 
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SUMMARY 


Base  flow  and  stormflow  water  samples  were  collected  from  Paxton  Creek  near  Penbrook 
and  five  smaller  subbasins  with  different  land  uses  during  calendar  years  1992  and  1993  in  order 
to  determine  the  nitrogen,  phosphorus,  suspended  sediment,  copper,  lead,  and  zinc  yields  from 
each  of  the  subbasins.  The  yields  of  nitrogen,  phosphorus,  and  suspended  sediment  from  Paxton 
Creek  near  Penbrook  for  1992  and  1993  were  compared  with  the  1985-88  yields  to  determine  if 
any  changes  in  yields  occurred  between  1985  and  1993.  The  yields  of  nutrients,  suspended 
sediment,  and  the  selected  metals  from  the  subbasins  also  were  compared  to  determine  the  effect 
of  land  use  on  the  yields  of  these  constituents. 

Nutrient  and  suspended-sediment  concentrations  measured  during  the  study  showed 
significant  differences  between  subbasins.  Mean  concentrations  of  total  nitrogen  ranged  from 
0.81  mg/1  in  samples  collected  at  Paxton  Creek  near  Penbrook  to  1.5  mg/1  in  samples  from  the 
Paxton  Creek  tributary  near  Paxtonia.  Total  nitrogen  concentrations  averaged  1.00  mg/1  in 
samples  from  the  undeveloped  area  and  1.3  mg/1  in  samples  from  the  new  single-family  housing 
development. 

Mean  concentrations  of  total  phosphorus  ranged  from  0.055  mg/1  in  samples  collected 
from  the  stormwater  management  pond  2 at  the  new  shopping  center  to  0.239  mg/1  in  samples 
from  Paxton  Creek  near  Penbrook.  The  total  phosphorus  concentration  in  samples  collected 
from  the  stormwater  management  pond  1 at  the  housing  area  under  construction  averaged 
0.231  mg/1. 

Mean  concentrations  of  suspended  sediment  ranged  from  30  mg/1  in  samples  collected 
from  the  stormwater  management  pond  2 at  the  new  shopping  center  to  473  mg/1  in  samples  from 
Paxton  Creek  near  Penbrook.  The  largest  maximum  concentrations  of  suspended  sediment  were 
measured  at  the  Paxton  Creek  tributary  near  Paxtonia  (1,270  mg/1)  and  Paxton  Creek  near 
Penbrook  (2,370  mg/1).  The  smallest  minimum  concentration  of  55  mg/1  was  measured  in 
samples  from  the  stormwater  management  pond  2 at  the  new  shopping  center. 

Mean  concentrations  of  the  metals,  copper,  lead  and  zinc  varied  among  the  subbasins. 
Mean  concentrations  of  total  copper  ranged  from  2.1  pg/1  in  samples  from  the  stormwater 
management  pond  2 at  the  new  shopping  center  to  5.7  pg/l  at  the  stormwater  management  pond  1 
at  the  housing  development  under  construction.  Total  copper  concentrations  in  samples  from  the 
undeveloped  area  averaged  3.6  pg/1.  Dissolved  copper  concentrations  were  about  a third  of  the 
total  copper  concentrations. 

Total  lead  concentrations  ranged  from  1.5  pg/1  in  samples  from  the  new  single-family 
housing  development  to  6.3  pg/l  in  samples  from  the  Paxton  Creek  tributary  near  Paxtonia.  The 
mean  concentration  from  the  undeveloped  area  was  2.4  pg/l.  Mean  dissolved  lead 
concentrations  were  about  a tenth  of  the  total  lead  concentrations. 

Zinc  concentrations  varied  most  widely  among  the  subbasins.  The  largest  concentrations 
of  total  zinc  were  detected  in  samples  from  the  stormwater  management  pond  2 at  the  new 


shopping  center  and  the  smallest  concentrations  were  in  samples  from  the  undeveloped  area. 
The  mean  concentration  of  total  zinc  ranged  from  254  pg/l  in  samples  from  the  stormwater 
management  pond  2 at  the  new  shopping  center  to  8.30  pg/1  in  samples  from  the  undeveloped 
area. 


Yields  of  nutrients,  suspended  sediment,  copper,  lead,  and  zinc  were  computed  using  the 
7-parameter  log-linear  model  developed  by  Cohn  and  others  (1989).  The  constituent  yields  are 
reported  because  it  can  be  more  easily  compared.  The  load  for  a given  area  can  be  computed  by 
multiplying  the  yield  by  the  drainage  area. 

Long-term  total  nitrogen,  total  phosphorus  and  suspended-sediment  yields  from  Ott  and 
others  (1991),  for  Young  Womans  Creek  and  Stony  Creek,  the  two  forested  basins,  Paxton 
Creek,  Susquehanna  River  at  Harrisburg,  and  Susquehanna  River  at  Conowingo,  Md.,  were 
compared.  The  average  yield  of  total  nitrogen  from  the  Paxton  Creek  Basin  was  twice  the  yields 
from  the  forested  basins,  ten  percent  greater  than  the  Susquehanna  River  at  Harrisburg  and 
almost  the  same  as  the  Susquehanna  River  at  Conowingo.  Total  phosphorus  yields  from  Paxton 
Creek  Basin  were  about  five  times  the  forested  basins,  twice  the  yield  from  the  Susquehanna 
River  at  Harrisburg  and  2.5  times  the  yield  from  the  Susquehanna  River  at  Conowingo.  Average 
yields  of  suspended  sediment  were  1 5 times  the  forested  basins,  7 times  the  Susquehanna  River 
at  Harrisburg,  and  20  times  the  Susquehanna  River  at  Conowingo. 

The  nutrient  and  suspended-sediment  yields  for  1992  can  be  considered  fairly 
representative  of  the  1985-88  based  long-term  mean  annual  yield,  because  the  1992  yearly  water 
discharge  was  equal  to  the  long-term  mean.  Comparison  of  the  yields  indicates  that  there  was  a 
slight  decrease  in  dissolved  Kjeldahl  nitrogen,  dissolved  nitrite  plus  nitrate  nitrogen,  and 
suspended-sediment  yields  in  1992.  Total  ammonia  nitrogen,  dissolved  orthophosphate,  and 
dissolved  phosphorus  yields  were  the  same  in  1992  as  the  1985-88  long-term  mean  loads 
reported  by  Ott  and  others  (1991).  Total  nitrogen  yields  increased  about  20  percent  in  1992  due 
to  an  increase  in  particulate  Kjeldahl  nitrogen  (2.2  Ibs/acre/yr  to  4.3  lbs  /acre/yr)  and  total 
phosphorus  yield  increased  about  45  percent  from  0.71  Ib/acre/yr  to  1.04  Ib/acre/yr. 

Comparison  of  yields  among  the  subbasins  showed  significant  differences  for  many  of  the 
constituents.  Average  dissolved  nitrite  plus  nitrate  yields  for  the  two-year  period  ranged  from 
2.46  Ib/ac/yr  from  the  stormwater  management  pond  1 at  the  housing  development  under 
construction  to  5.14  Ib/ac/yr  from  the  Paxton  Creek  tributary  near  Paxtonia.  Total  nitrogen 
yields  ranged  from  5.7  Ibs/ac/yr  from  the  stormwater  management  pond  2 at  the  new  shopping 
center  to  10  Ib/ac/yr  from  both  the  new  single-family  housing  development  and  the  Paxton  Creek 
trihutaiy  near  Paxtonia.  Average  total  phosphorus  ranged  from  0.34  Ib/ac/yr  from  the 
stormwater  management  pond  2 at  the  new  shopping  center  to  1.66  Ib/ac/.yr  from  the  Paxton 
Creek  tributary  near  Paxtonia.  Suspended-sediment  yields  from  the  entire  1 1 .2-square-mile 
basin  average  2,100  Ib/ac/yr.  Average  yields  from  the  subbasins  ranged  from  a low  of 
170  Ib/ac/yr  from  the  stormwater  management  pond  2 at  the  new  shopping  center  to  a high  of 
4,400  Ib/ac/yr  from  the  Paxton  Creek  tributary  near  Paxtonia. 
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Dissolved  copper  yields  from  the  total  11.2-square-mile  area,  the  new  single-family 
housing  development,  and  the  Paxton  Creek  tributary  near  Paxtonia  were  about  the  same  and 
averaged  0.010  Ib/ac/yr.  Dissolved  copper  yields  from  the  three  other  areas  {the  undeveloped 
area,  the  stormwater  management  pond  1 at  the  housing  development  under  construction,  and 
the  stormwater  management  pond  2 at  the  new  shopping  center)  averaged  about  0.006  Ib/ac/yr. 
Total  copper  yields  ranged  from  0.012  Ib/ac/yr  to  0.030  Ib/ac/yr. 

Dissolved  lead  yields  ranged  from  0.001  to  0.003  Ib/ac/yr.  Total  lead  yields  from  Paxton 
Creek  near  Penbrook  averaged  0.056  Ib/ac/yr  with  the  highest  yield  averaging  0. 1 7 Ib/ac/yr  from 
the  Paxton  Creek  tributary  near  Paxtonia. 

The  highest  yields  of  total  zinc  were  from  the  stormwater  management  pond  2 at  the  new 
shopping  center.  Total  and  dissolved  zinc  from  the  entire  1 1.2-square-mile  Paxton  Creek  Basin 
averaged  0.024  Ib/ac/yr  and  0.023  Ib/ac/yr,  respectively,  compared  to  1.29  Ib/ac/yr  and 
0.91  Ib/ac/yr,  respectively,  from  the  stormwater  management  pond  2 at  the  new  shopping  center. 
The  lowest  yield  of  total  zinc  (0.14  Ib/ac/yr)  was  from  the  undeveloped  area. 
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APPENDIX 

ANALYSIS  RESULTS  OF  ALL  SAMPLES  COLLECTED  FROM 
PAXTON  CREEK  AND  THE  FIVE  TRIBUTARY  SUBBASINS, 

1992-93 
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